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Abstract 
The objective of the paper is to explore a range of complex system types in order to identify lessons learned which 
may be able to be applied in other complex system types. The range of complex system types includes: traditional 
System of Systems (SoS) as used in defence, supply chains, world a federated government enterprise, the world 
financial system, an Australian charity building schools in Afghanistan, disaster management, and dispute resolution 
between warring neighbours. The analysis includes examination of a number of analysis categorisation systems 
including recognising autonomous and independent behaviour, structural characteristics such as a 
central initiator of coordination, or a lack of one, l, complexity, both operational and cultural, 
development of mental models, exploration through systems dynamics, identification of leverage points, and 
consideration of soft systems approach. 
 
Keywords: Complex system types; categorization systems; structural differences; System of Systems, financial system; Afghan schools, disaster 
preparation, and dispute Resolution between warring Neighbours; Cultural Complexity. 
Introduction 
The objective of this paper is to explore a group of different types of complex systems with the objective of gaining 
a better understanding of the range of complexity types, and whether there are lessons to be learned by such an 
analysis. A secondary purpose is to briefly explore the less-well investigated complex systems issues such as 
cultural complexity. These complex systems include traditional System of Systems (SoS), as used in defense. Other 
complex systems are briefly investigated including supply chains, federal government system, the world financial 
system (relative to the financial crisis), disaster management, an Australian charity building schools in Afghanistan, 
dispute resolution between warring neighbors and terrorism. The analysis includes recogniz
autonomous and independent behavior, structural characteristics such as a central initiator of coordination, or a lack 
through systems dynamics, identification of leverage points, and con
approach. 
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While there are a number of definitions of complex systems there is no universally acceptable definition of SoS 
[1]. SoS have been defined as a set or arrangement of systems that result when independent and useful systems are 
large scale integrated 
systems that are heterogeneous and independently operable on their own, but are networked together for a common 
good  [3]. SoS have been recognized as complex systems for the past decade or more. SoS has used a number of 
concepts from complexity theory. 
The purpose of the study is to extend understanding from the basis of a reasonably traditional system of systems 
(SoS), such as the Air Operations Centre [4], to the less recognized cultural forms. 
1. Categorization systems 
There are a number of ways SoS can be categorised. 
1.1. Type of SoS 
Dahmann, Rebovich and Lane explain Type [5]. 
Virtual: there is no central management authority or a centrally agreed-upon purpose, however large scale 
behavior emerges, which are supported by relatively invisible mechanisms.  
Collaborative: the component systems interact more or less voluntarily to fulfill an agreed upon central purpose. 
The internet is a prime example, as the Internet Engineering Task Force works on standards but has no power to 
enforce standards other than denying access. 
Acknowledged: acknowledged SoS have recognized objectives, a designated manager and resources for the 
SoS; however, the constituent systems retain their independent ownership, objectives, funding, as well as 
sustainment approaches. Changes in the system are based on collaboration between the SoS and each member. 
Directed: these are those in which the integrated SoS is built and managed to fulfill specific purposes. It is 
centrally managed during long term operation to continue to fulfill these purposes as well as any new ones  the 
owners might want to address. The members of the SoS maintain an ability to operate independently, but their 
 
1.2. Scale such as Hitchens  level 
-layer model as illustrated by Hodge [6] was used to depict the scale of systems complexity. These 
are: Level 5: National Government: eg national taxation or security; Level 4: Industry system level: eg national 
health care; Level 3: Business System Level: eg district health care; Level 2: project level: eg facilities for acute 
care; Level 1: Product Level: critical supplies, equipment [7].Scale Bar-Yam has introduced the concept of Scale 
into complex systems thinking [8]. Scale is primarily a function of the number of units involved in coordinated 
action. The military examples of scale are the number of tanks involved in military action, or the number of soldiers 
or aircraft. 
1.3. Complexity or variety 
Bar-Yam also addresses complexity although he does this from the point of view of Ash
Variety [9], which largely means that if a system cannot absorb the variety it will resort to chaos. In other words, 
unless there are control mechanisms to deal with the variety, chaos will occur. 
With these assumptions, Bar-Yam maintains that the attributes of scale and variety constrain each other and what 
a syst
components cannot both have a large variety and a large scale, although various trade-  
In many ways variety can be related to complexity in that if there are not enough systems to control the variety, 
chaos will occur. Military examples provide useful illustrations. On the one hand an aircraft carrier on the open sea 
has large-scale but relatively low complexity because it was designed for this purpose and it is surrounded by attack 
and defense systems. So this is an example of large scale and relatively low complexity. 
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In another environment, an aircraft carrier entering a harbor with many other ships surrounding it is an example 
of large-scale and high complexity, because of the lack of control of other boats and people. A battalion of tanks is 
similarly large scale but relatively low complexity when operating in an open field, whereas a commando unit is low 
scale and high complexity because of the range of skills of the different members of the commando team. Special 
forces teams of individuals, each of which were largely independent of the others, were used in the recent war in 
Afghanistan. Bar- ams were highly coordinated amongst themselves; in 
others, individual members of these teams performed actions that were quite different from each other and loosely 
coordinated in the sense that acts of one individual did not depend on the timing or effectiveness of acts of other 
 
Bar-Yam provides further examples in commenting that a centrally planned approach is insufficient in that it is 
increasingly apparent that the problem of poverty involves many different acts to respond to many different kinds of 
local, often individual, needs. 
This approach will be applied to the examples of complex systems. 
1.4. Cultural complexity 
People doing business in the Western world have greater degrees of cultural similarity than occurs in business 
conducted between people from the West and East. Further differences occur between people from the Western 
world and others from developing countries such as some in the Middle East, Africa and others. 
Bar- ] does not extend to cultural issues although both the US and the Australian military forces 
in Afghanistan have needed to deal with cultural differences such as religious issues, cultural issues over the 
relationship between men and women and many other. The implication of this is that differences in cultural 
practices, religion, the legal system, means of communicating, and many other issues which will be termed cultural, 
need to be recognized as autonomous and independent systems, the basic criterion for a complex system. 
Cultural diversity can include race, nationality and ethnicity, history, gender behavior, language, food, aesthetics, 
gender preferences and other issues. Dealing with this is assisted by people with the issue of people with emotional 
intelligence, which is primarily expressed as empathy.  
1.5. Understanding through exploration of mental models 
Some of these examples of complex systems are difficult to understand and require further elucidation. Disputes 
between warring nations and terrorism fit into the classic definition of Jackson, who describes complex systems as 
 
importance than problem solving using conventional techniques [10]. 
Developing mental models is particularly important when objectives and interpretation of past events are 
completely at odds between members of diverse societies. Bosch et al have developed a methodology to develop a 
mental modes of all stakeholders, and testing of commonality. They hold a series of forums with specialist groups, 
often with anonymous responses to allow delving into sensitive topics such as corruption and discrimination [11] 
1.6. Understanding through exploration of system dynamics 
Exploration of the implication of the mental model is the next step after development of the mental model by 
Bosch et al [11]. This process allows the real implications to be developed, as there are a number of examples of 
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1.7. Understanding through exploration of scenario analysis 
Hodge [6] illustrates the value of scenario analysis being built into the process of identifying and testing a 
possible future direction. 
1.8. Identifying leverage points 
Finally Bosch et al use a technique for identifying the leverage points, or areas to provide maximum 
 [11]. 
1.9.  
12] has been successfully used by Hodge in developing a procurement 
strategy for defense. There was an overlap with Bosch et al [11] in developing common meaning because of 
competition between the services, of army, airforce and navy. The Checkland approach can be used when there is 
lack of common meaning by using  [13], as has been done 
by Bergvall-Kareborn [14]. 
2. Complex system forms 
As stated, a number of types of complex systems will be briefly reviewed. 
2.1. Traditional SoS 
The traditional form that will be used as exemplar will be the Air Operations Centre of the US Department of 
Defence. Norman and Kuras report that this SoS includes 80 autonomous and independent systems, none of which 
ere designed for the combined purpose of which they are a member. The authors also imply that funding to improve 
the SoS needs to come from the funding of the SoS itself. 
2.2. Supply chain 
A traditional simple supply chain for a product may have the following members: the manufacturer, a courier or 
initial deliverer, a warehouse which sorts the products from various manufacturers into groups which deliver items 
to a local recipient, a second courier from the warehouse to a city centre where products are sorted again, and a third 
courier, and finally the customer or recipient of the product. Each of these systems are initially autonomous and 
independent. 
There are a number of fundamental issues in managing such a supply chain, such as ideal locations for 
warehouse facilities, levels of stock held in warehouses versus the holding charges for such, however a fundamental 
issue is consistent identification of the product between each element in the system, and appropriate interfaces so 
that there can be ease of communication and tracing of the product through the delivery system. 
human interface between systems, which is very inefficient. 
2.3. Federated government 
The operation of a federal government with clearly defined powers for both the national government (such as 
defence and taxation), and powers for the states over health and education in Australia, and only very limited powers 
to tax allocated to the states, provides an interesting example worth exploring. It has been found that rivers, which 
cross state boundaries, are subject to the upstream states using more water than their share such that the downstream 
states run relatively dry. In this case the national government needs to step in and provide itself with powers to 
overrule the normal state powers.  
Examination of enterprise architecture is one way of exploring such an enterprise SoS.  
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2.4. World financial system 
While governments have an influence on financial systems it has been found that the banks are essentially 
independent and autonomous, although interbank lending links them. Observers could assume that the global 
financial crisis sat between two different levels of stability, the first which occurred late in the 1990s before interest 
rates were reduced and packaged financial products introduced, and the recent level of changed requirements in both 
the USA and Europe. Modelling stability levels of complex systems is a means of identifying possible change in the 
world financial system. 
2.5. An Afghan school 
The example is analyzed of an Australian charity, indigofoundation, which is currently building its fourth school 
for over 1000 pupils in Afghanistan. Funding by members in Australia has been used to provide buildings, 
educational suppliers, and teachers salary for three years, at which point the local community takes over. Cultural 
issues of decision-making, religion, language, the legal system and attitude to women, all of which is very different 
to Australian practices, and all impinge on the project. However success has been achieved even though some social 
re-engineering has been a goal with 40% female participation in the schools. There is little recourse to 
indigofoundation other than clear statement of responsibilities at each point in the supply chain, frequent emphasis 
through communication and the prior establishment of trust by gradually building up the level of support, initially 
from a set of books. If contractual goals are not reached indigofoundation can finally cease funding, but this has not 
occurred in the construction of four schools. 
Working together successfully builds trust and confidence. 
2.6. Disaster management 
This is an area of contrasts with over 180 organizations in the Australian state of South Australia, with 
responsibility for disaster management. However, these 180 organisations are essentially independent. Only limited 
hierarchies are specified such as between fire, police and ambulance services. In Australia a bushfire can travel 
towards a town at over 40 mph so prior preparation and coordination is essential. Self organization by local 
communities can be very valuable. Mainly virtual system for all but Fire, Police and Ambulance. 
2.7. Dispute resolution between warring nations 
There are many examples of the need for dispute resolution between nations which engage in war or relatively 
violent actions to each other. Examples include the Irish English dispute which lasted for almost 400 years, the 
Turkish Greek dispute in Cyprus since 1974, Israel Palestinian dispute which has gone for many years with little 
et al [11]. 
technique of developing joint meaning, identifying the implications of this through systems dynamics and leverage 
Bergvall-Kareborn [14], is also appropriate and valuable. 
However efforts to address cultural diversity are important, a point which is taken-up in 4.0 
2.8. Terrorism 
Acts of terrorism, such as the recent bombing in Boston, the bombing in 2007  in London, and the attack on the 
Twin Towers in New York in 2001, are remembered by most world citizens. While the longer term political motives 
of the terrorists vary, other than their being disaffected, the need to understand their motives and be able to identify 
disaffected people, is crucial. Again, this is an example of a culturally driven complex system. 
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Table 1 attempts to relate the examples of complex systems discussed. 
Complex 
System 
example 
Main 
Objective 
Secondary 
objective 
SoS 
Type 
Hitch-
ens  
Scale of 
complexi
ty 
Bar-
 
Scale 
Bar-  
Variety or 
Complex-
ity 
Cultural 
Complex
-ity 
Tools Insight
s 
Trad SoS Use 
existing 
assets  
Reduce 
emergence 
Directed Lev 2-
Lev 5 
L-H L-H L-H but not 
readily 
acknowl-
edged 
Only tools for 
technical issues 
See 
Concl-
usion a  
 
Supply 
Chain 
Integrate 
software 
Product 
tracking 
Acknowl
edged 
Lev 3 L-M M Not usually 
an issue 
Tools to provide 
common 
interfacing and 
product 
description 
See 
Concl-
usion b 
Federated 
Govern-
ment 
Integrate 
econ-
omies 
Integrate 
issues 
functions 
Collabora
tive for 
rivers; 
Directive 
for econ-
omies 
Lev 5 H H on 
issues 
with 
powers 
Can be an 
issue with 
migration 
Enterprise 
architecture 
See 
Concl-
usion c 
World 
financial 
system 
Support 
business 
and 
indiv-
iduals 
Remain 
stable 
Virtual Lev 5 H H due to 
integratio
n of 
systems 
L Model of failure 
required 
See 
Concl-
usion d 
 
Afghan 
school  
Support 
marginali
zed 
people 
Recipient 
takes 
control 
Directed 
but based 
on trust 
Lev 1 L Working 
in multi-
cultures 
High Tight reporting 
system for mainly 
volunteers 
Scenario analysis 
and System 
dynamics 
See 
Concl-
usion e 
Disaster 
managem
ent 
Prepare 
for and 
manage 
disasters 
Community 
support by 
volunteers  
Mainly 
virtual  
Lev 3 Low Low Low Bottom-up self-
organization 
See 
Concl-
usion f 
 
Dispute 
resolution 
between 
warring 
nations 
Create 
peaceful 
relations 
Avoid 
violence 
Virtual at 
most 
Lev 1 H H H 
systems + 
scenario planning 
to encourage 
looking forward 
or Bosch 
See 
Concl-
usion 
g. 
Terrorism Avoid 
violence 
Understand 
terrorists 
motives 
Virtual at 
most 
Lev 1 H H H Understanding 
motivation is 
essential. 
See 
Concl-
usion 
h. 
NOTE: L = Low; M= Medium; H=High; Lev = Level 
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3. Comparison of complex systems examples 
Table 1 shows a comparison of the eight complex systems types chosen.  
It is noted that cultural complexity is a large issue of some complex system types although it has been a 
significant issue with the US military serving in Afghanistan.  
Cultural differences start with language and include ethnicities, religion, cultural practices such as styles of 
decision making, gender based roles and power of one gender over another [15]. 
In order to address cultural conflict there needs to be established some agreement on common values, even if 
only behavioral, and trust developed between the parties [16]. However tools which are used to assess cultural 
sensitivity, such as the Indiana University Cultural Diversity Self-Test [17], do not appear robust enough for 
application with warring neighbors. 
There are many other which have not been discussed. It is clear that there are both similarities and differences 
and tools need to be developed which include differentiation between complex systems of low and high scale, low 
and high cultural complexity especially. 
Further work needs to be done to assess inherent cultural complexity on complex systems especially and tools 
developed to manage such. 
4. Conclusions 
While this paper has been broad rather deep it has recognized the range of complex systems and the similarities 
and differences. The approach of examining a number of quite different complex systems has led to the conclusions 
that: 
a. Cultural complexity tools to describe, assess, and assist people dealing with cultural complexity need to 
be developed and formalized for both traditional SoS and other culturally complex systems; 
b. Moving to a more directed system from an a virtual system brings benefits for supply chain 
management; 
c. States in federal systems often need to be overruled for the benefit of the overall system; measures to 
assess equity in sharing assets such as water would be helpful; 
d. Modeling failure of the world financial system can be addressed by assessing stability levels; 
e. Trust and bottom-up programs are very effective for managing projects with few formal controls; 
f.     Bottom-up self organization by communities is essential in dealing with pre disaster preparation and 
post disaster management; 
g. Evolutionary Learning Laboratories appears more useful that the Checkland Soft 
Systems approach for resolving very complex systems issues such as dispute resolution, although there 
are similarities; 
h. Empathy, education & economic integration assists managing terrorism. 
The range of SoS studied assisted in identifying tools to be used to better manage other types of SoS. 
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